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Mr. Shuttle- motors this voltage cannot be neutralized except by the use
of external apparatus. This fact, more than anything else,
has led to the general belief that the successful com-
mutation of alternating current is very difficult. For-
tunately, in polyphase machines the conditions for the
neutralization of the voltage mentioned are inherent, and
when the main principles are correctly applied, the
difficulties do not exceed those of continuous-current
machines. We have had an alternating-current com-
mutator machine giving good commutation when gene-
rating no less than 25 volts between segments, and
collecting current which gave a calculated reactance
voltage of commutation 50 per cent higher than is used on
the best rotary converters or continuous-current gene,
rators on the market under full-load conditions.

Mr. Rushton is quite correct in stating that good power
factor is antagonistic to the maintenance of stable running
at low speed in the series commutator motor. In a com-
mercial motor a good power factor is desired, hence there
is necessarily a minimum speed at which such a motor
may be expected to maintain full torque, and this, as
shown in the paper, is generally in the neighbourhood of

one-third maximum speed. The short-circuit currents Mr. Shi
under the brushes in motors of appreciable size are usually worth>

so low that the addition to the normal torque of the motor
may be neglected. The efficiency of a series motor,
neglecting the commutator, is comparable with that of an
induction motor, and the losses on the commutator reduce
the overall efficiency by about 2 per cent.

The formula given by Mr. Catterson-Smith for the no-load
speed of the Schrage motor appears to be in error, and I
would suggest instead :—

. K c Zc sin a

where k is in the percentage of total flux entering the
secondary.

Having always determined the characteristics of this
motor by analytical methods, I had not imagined that the
solution by the circle diagram could be made so simple
as that given. No doubt great pains have been taken to
establish its general accuracy, and as such it is welcomed
as a distinct acquisition to the paper.
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Much has been said recently as to the possibility of
taking advantage of the war in order to develop existing
industries in India or to start fresh industries, and this
leads me to touch on the state of the electrical industry in
this country. As is well known, electrical engineering is
based largely on the scientific discoveries of an English-
man, Faraday; and England took a leading part in the
series of inventions and the other extensive pioneer work
involved in placing the new industry on a commercial
basis and transferring operations from the instrument
maker to the engineer. The fact that our lead was not
fully maintained subsequently and that one or two com-
petitors outstripped us in some directions as the develop-
ment of the industry proceeded has been attributed to
various causes, such as the absence of protective duties,
lack of enterprising financial support, restrictive legislation,
and deficiencies in technical education. Passing by such
controversial questions, it will be sufficient to mention that
German electrical exports in 1913-14 totalled ^14,500,000.
Much of this trade might be captured by England ; but it
may be admitted at once that India has no chance of
taking part in the capture.

The electrical manufacturing industry may almost be
said to be non-existent in India. The nearest approach
to it is to be found in such establishments as repair work-

shops attached to tramways and other power stations ; but
such workshops exist, of course, merely for the special
purposes of these particular concerns and not for the
supply of goods for the market. The experience and
practical training afforded in these shops provide, how-
ever, valuable stepping-stones towards the initiation of an
electrical manufacturing industry in case the conditions
and commercial prospects should justify this in the future.
It is well known that nearly all the steam-engines in use in
India are imported, though a few of simple type are made
by local firms. For similar reasons it is unlikely that
electrical manufacture on any large scale will be started
here in the near future, though repairs will in many cases
have to be done locally, as at present. Bearing in mind,
among other considerations, that highly qualified de-
signers and other skilled assistants, who would have to be
recruited from other countries, would be expensive, and
that labour is cheap, it would appear that the most
promising field for electrical manufacture would be work
of a simple repetitionary character. It is hardly necessary
to mention that certain forms of electrical instruments for
telegraph work are made here in considerable numbers;
and as to the feasibility of training native labour in the
skilful execution of repetitionary mechanical operations of
an elaborate and complicated nature, I may refer to the
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output of the Government factories at Cossipore and
Ishapore, which is of a remarkably high standard of
accuracy and finish.

Comparisons have often been made between India and
Japan as regards the progress made in various directions,
industrially and otherwise, and in an article published in
the Indian Textile Journal last September * the progress
made in Japan in the electrical industries was discussed.
The a*uthor, Professor S. Kimura of Tokio, states that
in this domain Japan is TO or 15 years behind Western
countries. Japan thus occupies a position intermediate
between India and the West, and I refer to Professor
Kimura's article because it throws some light on the
possible trend of future advances of the industry in India.
It appears that the great bulk of the mechanical and
electrical machinery is still imported, especially where
reliability is essential. Professor Kimura remarks that the
co-operation of foreigners trained in international business
is desirable, and that for manufacture involving compli-
cated processes, delicacy, and precision, the co-operation
of trained hands will be imperative ; but for reaching the
public he considers the help of Japanese managers indis-
pensable. Capitalization should, he says, be shared.

In the course of a brief survey of the present condition
of the electrical industry in Japan it is stated that generators
have been made, in sizes up to 6,000 kilowatts, giving very
good results under test. Two large factories are being
established, one connected with the American General
Electric Company and the other as part of a dockyard.
Another factory, which adjoins a copper mine under the
same ownership, has more recently started and appears
to have excellent prospects. In addition many smaller
factories are in existence.

Carbon-filament lamps are made, though some difficulty
is experienced in the case of lamps for higher pressures
than 220 volts. Tungsten lamps are made in many places,
both drawn and squirted wires being imported. Large
factories in Kawaschi and Osaka are turning out tens of
thousands of lamps daily, yet not enough to meet the
demand.

Porcelain insulators of good quality are made in large
quantities, to the exclusion of imported goods. Of solid
insulating materials other than porcelain, ebonite is the
only one that can be made of good quality. Superior
grades of mica are imported from India through London
firms. India-rubber insulating tapes are made in many
places, but mostly only on a small scale and in a primitive
way. Insulating compounds and varnishes are only made
in small quantities. Rubber works are in a prosperous
condition, but there is still some importation. Such works
have now become a part of wire and cable factories.
Insulated copper wires and cables of all ordinary descrip-
tion and sizes are made locally to the almost entire
exclusion of imported goods. Measuring instruments are
almost all imported. Factories are defective in their
equipment of instruments for testing purposes. Telegraph
and telephone apparatus is mostly made locally by two
firms, one of which is purely Japanese.

This brief account of the state of the electrical industry
in the Far East may serve to indicate broadly the lines on
which advancement in India might most hopefully proceed.

* S. KIMURA. The present state of electrical industries in Japan.
Indian Textile Journal, vol. 24, p. 415, 1914.

One point that appears clear is that European direction
and skilled assistance will be required in any of the more
important branches. In considering the question of
starting new industries it must not be forgotten that a
vigorous and active protective policy on the part of the
Government is a conspicuous feature in Japan and is
absent from India, whose only protection lies in the cost of
freight and a small import duty of 5 per cent. Moreover,
from this duty machinery is exempted. It is true that the
war has the temporary effect of a totally prohibitive tariff
against Germany, but the way is still open for English
and American imports to India. It appears impossible
that any legislation will ever be passed that will have
the direct effect of encouraging the starting of factories
in India in preference to England, even in the initial
stages of an industry ; but I may refer to the case of the
Tata Iron and Steel Works as an example illustrating the
support that the Government have shown they are ready
to give to deserving enterprise in this country.

Let us now glance at some data regarding Indian
electrical imports. In response to enquiries that I made
as to the various classes of imports, Mr. G. F. Shirras,
Director of Statistics with the Government of India, has
kindly supplied me with detailed statements which will
shortly be published by his Department, classifying the
imports for the last two years under different heads and
showing the amount contributed by each exporting
country. From these statements I have abstracted and
deduced the particulars given below. Previous to
1912-13 the present system of classification was not
adopted, so that the figures for earlier years are not
available.

ELECTRICAL IMPORTS TO BRITISH INDIA.

(i) Apparatus and machinery
for lighting and power

Fans
Cables and wires
Lamps ... ...
Other apparatus
Generators
Motors
Other machinery

Total

(2) Telegraph apparatus and
materials

3̂) Telephone apparatus and
materials

1012-13
(Thousa

57

49
295
38
99

103

792

8-5

2O"6

1913-14
nds of £)

82
158

6 l

415
2 1

93
232

1,062

69

23-4

1913-14
Percentage from

United
Kingdom

39
91

68
79
95
89
84

97

92

Germany
and

Austria

IO

4
25
6-5
2

5

1

4

It will be seen from these figures that the United
Kingdom holds the great bulk of the electrical trade with
India. America had, I may mention, a considerable portion
of the trade in fans, viz. 28 per cent, and the table shows
that Germany and Austria had 25 per cent of the lamp
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trade; but on the whole the Indian electrical trade is
supplied almost entirely by England. Leaving aside tele-
graphs and telephones, we see that there was an increase
in every item, except generators ; this exception is doubt-
less explained by the completion of the big generating
station at Cossipore for the Calcutta supply. The total
increase in imports in the one year was 34 per cent, and
the total electrical trade in 1913-14 exceeded one million
sterling.

In the details of the imports the more noteworthy points
are : the increase of lamps from Austria was 160 per cent
in the year; the increase in " other apparatus" from
America was 1,500 per cent in 2 years; motor imports
from Germany decreased by 57 per cent in the year ; and
the imports of "other machinery" from England increased
115 per cent in the same period.

It is interesting to see how the electrical imports are
divided among the different Provinces, and the following
table gives the chief particulars :—

PERCENTAGES OF ELECTRICAL IMPORTS IN 1913-14.

Fans
Lamps
Cables and wires ...
Other apparatus
Generators ...
Motors
Other machinery ...

Average

Bengal

6l
45
45
39
43
49
36

45?

Bombay

21

22

38

26
27
47

32i

Madras

h
20
11

Burma

9*
I 7 1

51
9f
2
5

8

Thus the four Provinces named above took 97I per cent
of the total electrical imports (excluding telegraphs and
telephones) in 1913-14. The data on which these figures
are based refer only to British India, particulars for
Kashmir and other native states not being included.

Although practically no electrical machinery is made in
India, the advantages of electricity for various purposes
are becoming widely known ; and extensive developments
have already taken place in this country, and are now pro-
ceeding, in electrical distribution for both lighting and
power. This branch of the electrical industry is far more
important than the manufacturing branch, and, unlike the
latter, is indispensable for the full industrial advancement
of a country—just as railways are vital factors to industry
whether locomotives are made locally or imported. I have
already pointed out that electrical power schemes in Japan
have mainly been carried out with the aid of imported
machinery, and as additional examples I may quote the
case of Sweden and Norway, where electrical development
has been remarkably rapid, in spite of the fact that
electrical manufacture has not been conspicuous in either
country.

It will be convenient to summarize here the more
important public schemes now in operation in India, or
to be started in the near future. The data are collected
from Mr. Partridge's paper read before this Local Section
in January, 1914.*

* T. G. PARTRIDGE. Some notes on the principal electrical under-
takings in India, Burma, and Ceylon.

The chief plants operated by water power are :—

Tata Power Co., Bombay 32,000 kw.
(To be increased subsequently to 100,000 kw.)

Cauvery Falls, Mysore 12,400 „
Jhelum River, Kashmir 4,000 „
Darjeeling 2,500 „
Mussoorie ... ... ... 1,900 „
Simla 750 „
Jamau, Kashmir 700 „

The total power of these seven installations is thus about
54,000 kilowatts or 71,000 horse-power.

The principal stations worked by steam power and oil
engines are as follows :—

Calcutta ... 14,800 kw.
„ tramways ... 2,900 ,,

Bombay, including tramways 9,000 „
Rangoon, „ „ 5,400 „
Madras, ,, „ 3,800 ,,
Colombo, „ „ 1,550 „
Kolar Mines Co 1,500 „
Dacca 900 „
Delhi, including tramways 840 „
Cawnpore, „ „ 850 „
Gwalior ... 700 „
Lahore ... 600 „
Kandy 540 „
Mandalay 520 „
Bikanir ... ... 500 „

The total rating of these stations amounts to about
58,000 kilowatts (77,000 horse-power), of which about
i,8oo kilowatts is generated by Diesel oil engines, eight in
number, distributed among six stations.

Some of the longer distances of transmission are detailed
below, together with particulars of the pressures of genera-
tion and transmission, and the frequencies used :—

Cauvery Falls

Jhelum River
Tata Power Co. ...
Simla

Distance
i n

Miles

{5}
( 40 J

55
43
2 1

Voltage
of

Generation

2,2OO

2,300

6,600
2,2OO

Voltage
of

Transmission

f 35>°oo )
•J 32,500 v
( 21,000 j
( 30,000
j 60,000
100,000

15,000

Frequency

25

—

5O
5O

It* will be seen that electric power is already being
transmitted in India to distances of the order of 50 to 100
miles, with the use of appropriate extra high pressures, the
generators being driven by water power. Waterfalls,
whether natural or artificially derived from a steeply
sloping river-bed or a storage reservoir, are rarely to be
found at the spot where power is wanted, and the capital
charges of an installation (especially for transmission
mains and allied costs), as well as the running expenses,
place a limit on the distance to which power can be
transmitted on a profitable commercial basis. This limit
must obviously depend on various factors, such as the
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feasible voltage, the price of the copper or aluminium
used for the mains, the value of power at the place where
it is to be supplied, etc. Under present conditions it is
found that the limiting distance is generally from ioo to
200 miles in the case of large powers, such as many
thousands of horse-power, while in small schemes this
distance is greatly reduced.

From a glance at a contour map of India it will be seen
that there is much land in Central and particularly Southern
India at a considerable elevation above adjacent river-beds,
and that the rivers themselves have in many cases a rapid
fall. Two of the plants above mentioned, namely those
of the Tata Power Company and the Cauvery Falls, utilize
small portions of this power. The total power, if it could
be utilized, would be sufficient to supply millions of horse-
power continuously. The rainfall in India is unfortunately
distributed very unevenly through the year, so that the
volume of flow of the rivers and streams fluctuates greatly,
though of course not to the same extent as the rainfall. In
Europe a drought of three or four weeks is a rare event,
whereas in India in many parts several months may pass
with little or no rain. If a certain power is required
throughout the year at any particular place, either
the lowest flow of the stream must be sufficient to
give the necessary power, or else an extensive storage
reservoir must be made in a position where the contour
and nature of the ground are favourable (as in the case
of the Tata Company).

From a very rough estimate that I have made, based on
the local rainfall and the available head of the water,
it would appear that the rainfall on the uplands of
Central and Southern India represents a total power of
the order of 100 million horse-power averaged through
the year, and that the precipitation in the Himalayan region
bounding the whole of Northern India represents possibly
1,000 million horse-power. Of course only a small fraction
of this power could be commercially utilized. The condi-
tions for commercial feasibility are that the fall must be
fairly concentrated (though there are cases where suffi-
cient fall can be obtained by utilizing the slope of some
miles of river), and the contour of the land must be such
as to make it possible to construct a reservoir of adequate
capacity, if the smallest flow of the river in the dry season
is sufficient to provide the power required. In the Hima-
layas there is some natural storage in the form of ice and
snow, which tends by melting to maintain during the hot
weather the flow of the rivers fed from that region, and
to reduce the flow in the cold season.

As regards the value of the hydraulic power, assume
that about 1 per cent of the total power could be utilized
commercially. This would be about 10 million horse-
power. Now a horse-power for a year can be profit-
ably sold for from ^4 to £j in the case of large
economical plants in other countries, after allowing
for interest and depreciation as well as wages and all
other expenses. The profit is probably from 6s. to 10s.
per horse-power per annum. Or, to look at the question
in another way, the cost of coal per horse-power sold
per annum in a large electric power station, with coal
at 8s. 6d. per ton, is about £5, assuming the small
economical load-factor usual in such cases. Thus the 10
million horse-power assumed to be available would be
worth about five to fifty million pounds sterling, depending

on the assumptions made as to the way it is to be utilized.
I need hardly point out that the water which is to be
employed for generating the power could be used also for
irrigation or other purposes after leaving the power station.

For the sake of comparison I may mention that the
water power readily available in Switzerland has been
estimated at about 600,000 horse-power, two-thirds of
which is now used, and that in Japan the water power
that can be easily and economically utilized is reported
to aggregate 10 million horse-power, of which only 300,000
horse-power is actually '•' harnessed," or is about to be.
The total water power available in the whole of Europe has
been estimated at 34 million horse-power.

One possible field for the utilization of electric power,
which has not, I believe, been touched in India, is the
artificial production of nitrates. Nitrates are used for
two very different purposes, the one connected with the
destruction of human life in war, and the other with its
maintenance by increased food production. I refer, of
course, to the manufacture respectively of explosives and
fertilizers. Although I understand from an agricultural
authority that it is doubtful whether there will be in
India the extensive demand for nitrates as fertilizers that
has arisen in some other countries, still it seems worth
while to refer very briefly to the progress made in other
parts of the world with this remarkable new industry.

The electrical production of nitrates in Norway (where
water power abounds) was commenced only, some 10
years ago, and now the power absorbed there in this
industry on one system alone amounts to about 300,000
horse-power, divided among five power stations. For
another system 125,000 horse-power is now used ; and
the power devoted to the production of fertilizers is
rapidly increasing. I may mention that, according to
Dr. Drysdale, each horse-power in a year gives nitrogen
sufficient for the growth of 18 quarters of wheat, which
is stated to be about enough to feed one man for a year.
The raw material is the air, from which the nitrogen is
abstracted, the heat required for the combination being
produced by means of electric arcs or incandescent
carbon. The Franck-Caro process has been introduced
into Italy, Switzerland, France, Germany, Japan, and the
United States, the total power in 1912 being about
200,000 horse-power, and very large extensions are pro-
posed. As soils become impoverished and as the supply
of natural fertilizers diminishes, the importance of this
question will become greater and greater. In the last-
mentioned process the nitrogen before being " fixed" is
separated from the air by a Linde liquefaction plant;
and the plant at one large Norwegian station liquefies
100 tons of air daily. It has been estimated that the
total annual production of "fixed" nitrogen is 125 million
pounds, and that for fertilizing alone there is scope for
50 times this quantity.

As regards electric traction, it appears that very important
developments may be expected in India at no distant date.
A report has recently been furnished by experts on the
question of the electrification of the more congested por-
tion of the Eastern Bengal State Railway, viz. that near
Calcutta, and this report is decidedly favourable. If
this scheme is taken up it may lead to the utilization
of electric traction on other lines, where the conditions
are equally suitable and promising.
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It is hardly necessary to add that those whose occupa-
tions are connected with steam-locomotive engineering
need have no apprehension that their employment is
coming to a speedy end; for a very long time will cer-
tainly elapse before electricity can make any attempt to
compete with steam on the typical Indian railway, with
its great distances., long intervals between stations, and
infrequent train service. The electrification of some of
the hill railways might well be considered, though it is
obvious from a cursory glance that the convenient
proximity of water power was not one of the factors
taken into account when the sites of our present hill
stations were chosen.

The advantages of electric transmission in factories
are fairly generally recognized, and many examples are
to be found here in Government concerns, railway
workshops, engineering works, and elsewhere. For the
special requirements of jute mills electric driving does
not find wide favour. I have not examined the question
in connection with the particular conditions of this
industry, but it is not unnatural that most of those
responsible for the running of these mills should give
preference to the system with which they are thoroughly
familiar, and which answers well, unless and until
they are compelled by the force of competition or by
reduced profits to consider a different system of power
transmission.

On the "other hand, of the 83 cotton mills in Bombay, 26
are to be driven by electric power from the Tata Com-
pany's system, and it is anticipated that the steadiness of
the drive will give increased production and improved
quality of yarn and cloth. The price for power in Bombay
is to be as low as 055 anna per unit, a rate which makes
electricity a very formidable competitor with other methods
of power supply. In Madras the cost is for very large con-
sumers o'75 anna per unit, the generators in this case being
steam-driven.

In Calcutta the rate of electric power used for industrial
purposes is 8 rupees per kilowatt per month plus 0*5 anna
per unit; for a factory operating 10 hours a day this works
out to o-93 anna per unit. For large installations in certain
cases the rate is on a sliding scale, which may be as low
as o"4 anna per unit.

In reply to my enquiries as to the electric power utilized
for various purposes in Calcutta Mr. R. E. Winkfield, Agent
and Chief Engineer to the Calcutta Electric Supply Cor.
poration, and formerly Chairman of this Local Section
has very kindly had data prepared, and I am indebted to
him for the following list which he has been so good as to
furnish :—

Jute milling
Jute pressing .,
Flour milling ..
Printing
Machine shops..
Pumping
Lifts

19 motors, aggregating 2,136 b.h.p.

192

439
216
236
105

1,853
2,475
1,236
1,296

603
664

These figures afford remarkable evidence of the ex-
tensive use that is already made of electric power for
industrial purposes in this district. They show that the
Calcutta Electric Supply Corporation must have given
much attention to the development of this important side
of their business, and they also make it clear that many
local manufacturers and business men are fully alive to
the commercial advantages of electric motive power. I
need hardly point out the benefit to the community arising
from the avoidance of local smoke and noise, and we
must all hope for a rapid extension of the company's
operations in this field.

Street lighting by electricity is now becoming a familiar
feature in Calcutta and Howrah, as well as in hill stations
and elsewhere. Electrical engineering has required for
its development a more scientifically trained set of men
than in the case of other branches of engineering, and
electrical engineers have done much to improve the proper
treatment of practical questions of illumination both for
outdoor and indoor purposes.

The technical training of engineers in this country has
been discussed in various recent papers and reports, and
I shall therefore not dwell at length on this matter. I may
mention, however, that improvements which had been
advocated for years have now been carried out at
Sibpur College ; one of these is the provision of separate
professors of mechanical and electrical engineering, each
with an assistant, instead of a single professor for the two
subjects ; the other is the introduction of a more specialized
(and at the same time shorter) course for students taking
up these branches. These changes are bound to improve
the quality of the men trained by the College. The
course is only of "overseer" standard at present, but in the
scheme for a Technological Institute at Calcutta proposals
have been put forward for the introduction of a higher
course for a limited number of students. This scheme is
under the consideration of the Government. After the
college course practical training in industrial concerns
will of course be necessary before the students are of any
substantial use. Unfortunately they do not always realize
this and are sometimes inclined to expect an initial salary
out of all proportion to their utility.


